U.S. DEPARTMENT OF COMMERCE PATENT ^iO^MA^/MtUfU «f Utl 1998 


b/o Form pto-1390 Transmittal Letter to the United States 
Designated/Elected Office (DO/EO/US) 
Concerning a Filing Under 35 USC 371 


Attorney 'j Docket Number 

REF/Schroder/29644 


U.S. AppUcationNumb^j^M^ ^ || ^5^7 


hatrnanonal Application Number 1 International Filing Date 

PCT/SE97/01003 | 9 June 1997 


Priority Date Claimed * 

10 June 1996 


Kile of Invention ~ 

IMMUNS T IMULA TING LIPID FORMULATION 


Applicant^) far DO/EO/US ' " " ■ 

Ulf SCHRODER 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items under 35 USC 371: 

1 . a This is a FIRST submission of items concerning a riling under 35 USC 371. 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a riling under 35 USC 371. 

3 . B This express request to begin national examination procedures (35 USC 371 (f)) at any time rather than delay examination 

until the expiration of the applicable time limit set in 35 USC 371(b) and PCT Articles 22 and 39(1). 

4. s A proper Demand for International Preliminary Examination was made by the 1 9th month from the earliest claimed 

priority date. 

5. a A copy of the International Application as filed 35 USC 371(c)(2). 

r=l a - n is transmitted herewith (required only if not transmitted by the International Bureau). 
-=f b. a has been transmitted by the International Bureau. 

fl c - n is not required, as the application was filed in the United States Receiving Office (RO/US). 

Jj. a A translation of the International Application into English (35 USC 371(c)(2)). 

1% 13 Amendments to the claims of the International Application under PCT Article 19 (35 USC 371(c)(3)) 

a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

"~ 5 j b. □ have been transmitted by the International Bureau. 

~* c. E have not been made; however, the time limit for making such amendments has NOT expired. 

= d. o have not been made and will not be made. 

fj§. □ A translation of the amendments to the claims under PCT Article 19 (35 USC 371(c)(3)). 

*fj. a An oath or declaration of the inventor(s) (35 USC 371 (c)(4)). ( h Executed □ Unexecuted) 

vlP. a A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 
CO (35 USC 371(c)(5)). 

Items 11 to 16 below concern other document(s) or information included; 

11. ta An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

12. is An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

13. HA FIRST preliminary amendment. 

□ A SECOND or SUBSEQUENT preliminary amendment. 

14. DA substitute specification. 

15. □ A change of power of attorney and/or address letter. 

16. □ Other items or information: 



A:\Transroittal Letter to the United States Designated-Elected Office Concerning a Filing Under 35 USC 371 .wpd 



(16Novl9S8) 



Application Number (if Known) 



International Application Number 

PCT7SE97/01003 



Attorney's Docket Number 
REF/Schroder/29644 



PTO USE ONLY 



17. The following fees are submitted: 
Basic National Fee (37 CFR 1.492(a)(l)-(5)): 

a Search report has been prepared by the EPO or JPO S840.00 

o International Preliminary Examination Fee paid to USPTO (37 CFR 1.482) .... S670.00 
n No International Preliminary Examination Fee paid to USPTO (37 CFR 1.482) 

but International Search Fee paid to USPTO (37 CFR 1.445(a)(2)) S760.00 

Neither International Preliminary Examination Fee (37 CFR 1.482) nor 

International Search Fee (37 CFR 1.445(a)(2)) paid to USPTO S970.00 

□ International Preliminary Examination Fee paid to USPTO (37 CFR 1.482) 

and all claims satisfied provisions of PCT Article 33(l)-(4) $96.00 



ENTER APPROPRIATE BASIC FEE AMOUNT 



Surcharge of $130.00 for famishing the oath or declaration later than a 20 □ 30 
months from the earliest claimed priority date (37 CFR 1.492(e)). 



Number Filed 



Independent Claims 



lytultiple Dependent Claims (if applicable) 



TOTAL OF ABOVE CALCULATIONS 



Reduction by Vz for filing by small entity, if applicable. Verified Small Entity 
Statements must also be filed (Note 37 CFR 1.9, 1.27, 1.28) 



Pressing fee of $130.00 for furnishing the English translation later than o 20 □ 30 
months trom the earliest claimed priority date (37 CFR 1.492(f)). 



TOTAL NATIONAL FEE 



Fde for recording the enclosed assignment (37 CFR 1.21 (h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3. 28, 3.31) . $40.00 per property. 



TOTAL FEES ENCLOSED 



1,010.00 



Refunded: 



a. ta A check in the amount of $ 1.010.00 



to cover the fees is enclosed. 

b. o Please charge my Deposit Account Number 02-0200 in the amount of J to cover the above fees. 

A duplicate copy of this sheet is enclosed. 

c. o The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment to Deposit Account Number 02-0200. A duplicate copy of this sheet is enclosed. 



Note: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to r 
Q})) must be filed and granted to restore the application to pending status. 



; (37 CFR 1.137(a) or 



BACON & THOMAS, PLLC 

625 SLATERS LANE - FOURTH FLOOR 
ALEXANDRIA, VIRGINIA 223124-1176 
(703) 683-0500 

DATE: December 9, 1998 



Respectfully submitted, 



RICHARD E.FICHTER 
Attorney for Applicant 
Registration Number:26,382 



I Office Concerning a Filing Under J5 USC 371.wpd 



(16NOV1998) 



09/147567 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 



Ulf SCHRODER et ai. 
U.S. National Phase of PCT/SE97/01003 
Entry papers filed herewith on Dec. 9, 1998 
For: IMMUNSTIMULATING LIPID FORMULATION 



PRELIMINARY AMENDMENT 
AND INFORMATION DISCLOSURE STATEMENT 



Attention: PCT OFFICE 



Assistant Commissioner of Patents 
Washington, D.C. 20231 



Please amend the above-identified application as follows: 



IN THE CLAIMS : 

Please amend Claim 8 as follows: 
Claim 8, line 1, delete "- 7". 



Please add the attached ABSTRACT OF THE DISCLOSURE to the application. 



REMARKS 

Applicant has amended the claims in order to reduce the filing fee by deleting 
the multiple dependency. Also, an Abstract of the Disclosure has been added to the 
application. Applicant retains the right to reintroduce any subject matter canceled by 
the present Amendment at any time during the prosecution of this application or any 
continuation or divisional thereof in the United States. 



Applicant is submitting herewith a copy of the Search Report which issued on 
International Application No. PCT/SE97/01003, of which the present application is the 



U.S. National Phase of PCT/SE97/01003 



U.S. national phase. All of the publications cited in the International Search Report are 
listed on the attached Form PTO-1449. It is Applicants' understanding that, under the 
procedures of the PCT, copies of the cited publications will have been supplied to the 
U.S. Patent Office by the International Bureau. However, the Examiner is invited to 
contact the undersigned attorney if additional copies are necessary or would facilitate 
examination of the present application. 

Otherwise, the Examiner is respectfully requested to return an initialed and 
dated copy of the attached Form PTO-1449 to confirm that all publications listed 
thereon have been considered and made officially of record in the file of this 
application. 

Applicant understands that, under the procedures of the PCT, a copy of the 
priority document (SE 9602280-1 , filed 10 June, 1996) will have been supplied to the 
U.S. Patent Office pursuant to Rule 17 of the PCT Regulations. It is therefore 
respectfully requested that the first Official Action in the present application contain an 
indication that the appropriate priority document is in the file of this application. 



Respectfully submitted, 
BACON & THOMAS, PLLC 




RICHARD E. FICHTER 
Registration No. 26,382 



625 Slaters Lane - 4th Floor 
Alexandria, Virginia 22314 
Phone: (703) 683-0500 
Facsimile: (703) 683-1080 
REF:lmh 

Schroder.PA.wpd 

DATE: December 9, 1998 



2 



-16- 



ABSTRACT OF THE DISCLOSURE 

A pharmaceutical formulation for parenteral or mucosal administration of 
antigens and/or vaccines to humans and animals, comprising monoglyceride 
preparations having at least 80% monoglyceride content and where the acyl group 
contains from 6 to 24 carbon atoms, together with fatty acids where the number of 
carbon atoms may be varied between 4 and 22. 



ms/PCTRec d 09 DEC 1338 

WO 97/47320 PCT/SE97/01003 

09/14736? 

IMMUNST1MULATING LIPID FORMULATION 

The present invention relates to a novel pharmaceutical formulation for administration 
of antigens and/or vaccines. The preferred route of administration is via the mucosal 
membranes, however parenteral administration may also be used. The invention also 
relates to the use of certain compounds (as defined below) as adjuvants or vehicles in such 
formulation. 

Background 

An increasing number of specific antigens from different types of organisms (e.g. 
tumor cells, bacteria, virus and parasites) has been produced using cloning techniques over 
the last years. However, these antigens are frequently weak immunogens despite their high 
specificity. 

To obtain good protection after vaccination, immune stimulating systems are needed 
that can enhance and activate the immune system against these weak antigens. Such 
immune stimulating systems are called adjuvants. 

Adjuvants, presently mainly used in animal experiments, includes a highly 
heterogeneous group of substances; inorganic substances, oil emulsions, charged 
polymers, neutral substances or substances from bacteria. 

There are presently large efforts in research and development in order to obtain a safe 
adjuvant with high efficacy to be used in humans. However, today there is presently no 
general adjuvant for this purpose. 

Alum hydroxides and alum phosphates were the first two inorganic substances that 
were used in humans. The immune response obtained is a result of slow desorption of the 
precipitated antigen on the surface of the particle. Later it was shown that phagocyting 
cells were attracted by these alum salts leading to further enhancement of the immune 
response. However, these salts are not safe since granuloma formation has been reported 
(Slater et al, Br.J.Dermatol. (1982) Vol. 107, page. 103-108.). Furthermore, the alum salts 
can not be used for all antigens since all antigens are not adsorb on the surface. 

In 1944 Freund introduced his adjuvant consisting of a mixture of vegetable oil, 
mineral oil, detergents and killed bacteria. The enhancement obtained was partly due to 
slow release of the antigen from the oil emulsion. Freunds adjuvant can however not be 
used in humans due to granuloma formation, induction of auto-immune reactions and the 
non-biodegradable mineral oil. Furthermore, the effect is difficult to control. The active 
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substance in Freunds adjuvant has been isolated and its structure determined and shown to 
be N-acetyl muramyl-L-alaninisoglutamate, often called muramyl-dipeptide (MDP). 

The adjuvant effect dependent of the particle size of polymetacrylate and polystyrene 
particles was examined on mice (Kreuter et al, Vaccine, (1986) vol 4, 125-129) by the use 
of ovalbumin (adsorbed on the particles) as a model antigen with subsequent assay of the 
immune response. The size of the particles was varied between 62 and 306 nm. The result 
was that smaller particles enhanced the immune response better than larger. The smaller 
particles gave a better effect than 0.2% Al(OH) 3 . All preparations elicited a higher 
response as compared to fluid preparations. Similar experiments where particulate systems 
with smaller size results in a higher immune response as compared to larger particles are 
known in the scientific literature. 

Almost all systems used today for enhancement of the immune response against 
antigens are particles or is forming particles together with the antigen. In the book "Vaccine 
Design - the subunit and adjuvant approach" (Ed: Powell & Newman, Plenum Press, 
1995) all known adjuvants are described both regarding their immunological activity as 
well as regarding their chemical characteristics. As described in the book more than 80% 
of the adjuvants tested today are particles or polymers that together with the antigens (in 
most cases proteins) are foirning particles. The type of adjuvants that not are forming 
particles are a group of substances that are acting as immunological signal substances and 
which under normal conditions consists of the substances that are formed by the immune 
system as a consequence of the irnmunological activation after adrninistration of particulate 
adjuvant systems. 

Using particulate systems as adjuvants, the antigens are associated or mixed with or to 
a matrix which has the characteristics of being slowly biodegradable. Of great importance 
using such matrix systems are that the matrix does not form toxic metabolites. Choosing 
from this point of view, the main kind of matrices that can be used are mainly substances 
originating from a body. With this background there are only a few systems available that 
fulfils these demands: lactic acid polymers, poly-arnino acids (proteins), carbohydrates, 
lipids and biocompatible polymers with low toxicity. Combinations of these groups of 
substances originating from a body or combinations of substances originating from a body 
and biocompatible polymers can also be used. Lipids are the preferred substances since 
they display structures that make them biodegradable as well as the fact that they are the 
most important part in all biological membranes. 
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Lipids are characterized as polar or non-polar. The lipids that are of most importance 
in the present invention are the polar lipids since they have the capacity to form particulate 
systems in water. Another way of defining these lipids are as amphifilic due to their 
chemical structure with one hydrophobic and one hydrophilic part in the molecule thereby 
being useable as surface active substances. Examples of main groups of polar lipids are 
mono-glycerides, fatty acids, phospholipids and glycosphingolipids. These main groups 
can be further characterized depending on the length of the acyl chain and the degree of 
saturation of the acyl chain. Since the number of carbon atoms in the acyl chain can be in 
the range of 6 to 24 and the number of unsaturated bonds can be varied there are an almost 
infinite number of combinations regarding the chemical composition of the lipid. 

Particulate lipid systems can be further divided into the different groups as discussed 
in the scientific literature such as liposomes, emulsions, cubosomes, cochleates, micelles 
and the like. 

In a number of systems the lipids may spontaneously form, or can be forced to form, 
stabile systems. However, under certain circumstances other surface active substances has * 
to be introduced in order to achieve stability. Such surface active systems can be of non- 
lipid character but possess the characteristics of the polar lipids having hydrophobic and 
hydrophilic parts in their molecular structure. 

Another factor that has been shown to be of importance is that lipids exhibit different 
physical chemical phases, these phases has in different test systems been shown to 
enhance uptake of biological substances after administration to mucosal membranes. 

In the classical immunology and in combination with vaccination against different 
types of infectious agents e.g. bacteria, virus or parasites the prevailing dogma has been to 
adrriinistrate the vaccine subcutanously or intramuscularly. However, research has during 
the last years shown that the body has a very effective immunological system that resides 
in the mucosa. It has been shown that you can adrriinistrate vaccines orally, nasally, rectally 
and vaginally. In the same way as for the classical immunization it has been shown that by 
mucosal vaccination there is also a need for enhancement of the immunological response 
by the addition of adjuvants. 

In the same way as within the classical immunology where vaccines (antigens) are 
administrated parenterally, there is within mucosal immunization a great interest in 
directing the immunological response towards development of humoral and/or cellular 
response. If you obtain a humoral response it would be important to direct the response in 
a way that a certain class of antibodies would be obtained. In order to obtain such a goal, 
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specific immune stimulating agents can be added to the formulation of antigens and 
adjuvants. 

Different types of immune stimulating substances are available. One type is 
represented by proteins e.g. PHA, Con A, SEA or different types of interferons or 
interleukines. Another type of substance is represented by MDP, as mentioned above. 
Additional groups can be characterized as lipid derivatives since they show molecular 
structures which are amphiphilic. One example of such a substance is called MPL. 
Another similar substance is Quil A. A number of substances that can be classified within 
these categories are described in the book "Vaccine Design - the subunit and adjuvant 
approach" as discussed above. 

It would be extremely valuable to be able to make the immunization procedures more 
effective directing the immunological response towards a certain class or subclass of 
antibodies and/or to be able to induce a strong T-cell response against the antigens. 

Description of the invention 

It has now surprisingly been found that parenteral or mucosal administration of a 
pharmaceutical formulation containing one or two of the following adjuvants with admixed 
antigens and/or vaccines improves the immune response against the admixed 
antigens/vaccines. Said pharmaceutical formulation for parenteral or mucosal 
administration of antigens and/or vaccines to an animal comprise one or more substances 
selected from 

a) monoglycerides of the general formula 
CH 2 — CH— CH 2 

0 O O 

1 I 1 
Rl R 2 R 3 

wherein R, and R, is H and R 3 is one acyl group containing from 6 to 24 carbon 
atoms, preferably 8 to 20 carbon atoms, even more preferably 14-20 carbon 
atoms and where the acyl chain may contain unsaturated bonds. In a 
monoglyceride the acyl chain is normally in the R, or R 3 position. However there is 
normally a acyl migration between the 1 and 2 carbons in the glycerol molecule 
resulting in approximately 90 % is in the R 3 position and 10% in the R 2 position. 
Thus, in the present invention distilled 1 -monoglycerides from Danisco Ingredients 
(Denmark) with a purity of more than 80 % preferably more than 90 %, more 
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preferably over 95 % is used. The diglyceride content is maximum 3 % and 
triglycerides and fatty acid content is less than 1.0%. The monoglycerides 
according to the invention normally contains more than more than 80 % of a 
specific fatty acid, preferably over 90 %. 
and 

b) fatty acids of the general formula 

CH 3 - (CH 2 ) n - COOH 

where "n" may be varied between 4 and 22, preferably 8 to 18 and where the acyl 
chain may contain one or more unsaturated bonds. 

The formulation according to the invention may comprise additional pharmaceutical 
excipients selected from the one or several of the following groups; preservatives and 
osmotic pressure controlling agents, pH-controlling agents, organic solvents, hydrophobic 
agents, enzyme inhibitors, water absorbing polymers, surfactants and absorption 
promoters, anti-oxidative agents, and the like. 

The formulation according to the invention may comprise any antigen and/or vaccine 
selected among all the antigen and/or vaccines relevant to humans or animals, including 
marine animals. 

This invention discuss lipids which, when mixed with antigens, enhance the immune 
activity against the antigens thereby functioning as an adjuvant in various vaccine 
formulations. Especially the invention comprise the use of a formulation for vaccination of 
the mucosa which can be immunologically activated by nasal, oral, vaginal or rectal 
ao^riinistration. The invention also comprise the use of the lipid system for parenteral 
adrninistration. The use of an adjuvant such as described in the present invention, which 
can be used both for parenteral as well as for mucosal administration is not limited to 
humans. Equally important is the use within the veterinary field for the immunization of 
e.g. cattle, pigs, chickens and the like. Furthermore, there is a large and growing interest in 
applying both parenteral as well as mucosal vaccines in the field of fish farming. In this 
area the administration can be performed by incorporation of the formulation in the food. 
Furthermore, the fish may be allowed to swim for a limited period of time in the vaccine 
formulation containing the antigens and the adjuvants thus being immunized by the 
mucosal route via the gills. 

In the scientific literature there are reports showing how to enhance the uptake of a 
biologically active substance after administration to the mucosa together with certain lipids. 
As an example Li & Mitra (Pharm.Res. vol 13:1, 1996) describes the administration of 
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insulin mixed with phospholipids in the form of liposomes to the lung. They show that the 
effect is dependent on the length of the acyl chain and the charge of the particle. Optimal 
length was 10 carbon atoms and the charge preferably positive. Even negatively charged 
particles were effective but neutral system were inferior. 

In the same way de Haan et al (Vaccine, 13:2, 155-62, 1995) describes a mixture of 
liposomes and the antigen hemeagglutinin. The mixture was administrated nasally to rats 
whereafter a positive immunological response could be detected. Gupta et al (Vaccine, 
14:3, 219-25, 1995) describes that a mixture of diphtheria toxoid together with a non- 
phospholipid based liposom system administrated parenterally to rabbits results in an 
immune response which was at the same level as the marketed product which was Alum- 
adsorbed diphtheria toxoid. 

A number of scientific reports also show that good immunological reponses are 
obtained after administration of liposomes to the mucosa where the antigen is entrapped or 
adsorbed to liposomes. 

Studies in vitro on a human cell line obtained from a colon cancer (Caco-2) shows that 
the best penetrating effect, tested with the model substance mannitol, can be seen with a 
chain length of 10 carbon atoms. In this case the lipids consisted of the salts of fatty acids. 
The obtained mixture of these lipids forms together with water micelles (Lindmark et al, 
J.Pharm.Exp.Ther. 275, 958-65, 1995). 

Liposomes consists of phospholipids and are formulated by a relatively lengthy and 
cumbersome process which i.a. involves organic solvents. Furthermore, the phospholipids 
are expensive. 

As described below in the present invention, a similar immunological response can be 
obtained only by mixing the antigen with a lipid formulation which contains less 
complicated lipids having a substantially lower price and which can be formulated on a 
commercial basis in a very simple way. 

Another systems that to some extent are similar to the present invention are 
formulations based on triglycerides. However, these systems are scientifically defined as 
emulsions of triglycerides where surfactants are used for stabilization. As stabilizers 
phospholipids or any other type of amphiphilic molecules such as Tween® are normally 
used. Furthermore, the appearance of such emulsions are normally milky, indicating a size 
of the oil droplets of about 1 |im. It is well-known for the person skilled in the art that these 
surfactants are excellent adjuvants. Thus, the adjuvant properties of oil emulsions are 
primarily due to the characteristics of the surfactant and not of the triglyceride composition. 
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In PCT/DK94/00062 is disclosed a formulation for the topical administration of 
antigens and/or vaccines to mammals via the mucosal membranes. Said application 
disclose in the examples that the only formulation that enhances the immune response is a 
combination of caprylic/capric acid glycerides with polyoxyethylene sorbitan monoester 
5 (Tween 20®). 

As exemplified in the present invention it is shown that a combination between a 
monoglyceride and a fatty acid can stimulate the immune system to produce antibodies and 
induce protective immunity. Furthermore the present invention shows that the disclosed 
formulation is able to produce high antibody titers by parenteral administration. 

10 Thus, it was surprisingly found that the adrninistration of antigens and/or vaccines to 

an animal either via the mucosal route or parenterally using a formulation comprising 
monoglycerides and-'or fatty acids as a particulate lipid system can improve the 
immunological response towards the admixed antigens and/or vaccines. The 
monoglycerides are selected from a group with the general formula of 1 -acyl-glyceride, 

15 wherein the number of carbon in the acyl chain may be varied between 8 and 24, 

preferably between 12 and 18. The acyl chain may be either saturated or unsaturated. The 
concentration of the monoglyceride may be in the range of 0.1 - 50 g per 100 ml of water, 
preferably in the range of 1 - 20 g per 1 00 ml of water. The fatty acid concentration may be 
in the range of 0. 1 - 50 g per 100 ml formulation, preferably in the range of 1 - 20 g per 

20 1 00 ml water. When monoglycerides and fatty acids are formulated together the percent 
ratio of monoglyceride in fatty acid may be varied between 1 to 99 %, preferably between 
10 to 90%. 

An enhancement of the immunological response after administration of 
monoglycerides and/or fatty acids together with antigens and/or vaccines has not been 
25 suggested anywhere in the prior art._ 

The present invention describes that mixtures of antigens with relevant lipids 
stimulates the body to generate protective immunity. Another advantage of the present 
invention is the simple formulation process and as compared to entrapment no material 
(antigen) is lost in the process. As an example can be mentioned that in the process of 
30 entrapment in liposomes the recovery is normally 1 0-20 %. The rest is lost in the process. 

Reports in the literature as discussed above, shows that by mixing liposomes and 
antigen an immune response is detected after administration to the mucosa. 
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However, the examples in this invention as described below shows that the system 
can be even more simplified by the use of lipids that are more stable, cheaper and which 
can be formulated to particles in a more convenient and simplified way. 

The invention is exemplified by the following examples showing that the principle of 
5 co-administration of antigens, immune stimulating substances associated or in 
combination with particles function as an adjuvant. 

Example 1. 

A suspension of mono-olein was produced by adding 3 g mono-olein to 50 ml of a 
10 0.6 % Pluronic- 1 27® solution in phosphate buffered saline pH 7.4, whereafter the mixture 
was sonicated with a probesonicator for 4 minutes. The obtained milky suspension 
contained particles with a maximal size of about 2 jim as deterrnined by light microscopy. 

Example 2. 

- 15 A negatively charged micelle suspension of mono-oleate was produced by mixing of 

0.5 g of oleic acid with 5 ml of 0.35 M NaOH and sonicated with a probesonicator for 5 
seconds. Thereafter 3 g mono-olein and 50 ml 0.9 % NaCl was added whereafter the 
mixture was probesonicated for 4 minutes. The monester content of the mono-oleate was 
over 95 % with a acyl chain containing 92 % oleate and 6% linoleic acid. The pH was 
20 adjusted to 8.3. The obtained completely clear homogenous solution contained particles 

- with a size of below approximately 0.2 (am as determined by visual inspection. It is known 
: that if a clear solution is obtained the particle size is below approximately 0.2 fjm, a slightly 

opalescent bluish appearance indicated a size of approximately 0.2 - 0.5 jam and if the 
appearance is milky the size is above approximately 0.8 |im. 

25 

Example 3. 

A positively charged micelle suspension of mono-olein was produced by mixing 0.5 
g lauryl-amine and 3.5 ml of 0.5 M HC1 followed by sonication for 5 seconds. Thereafter 
3 g mono-olein and 50 ml of water was added whereafter the mixture was probesonicated 
30 for 4 minutes. The pH was adjusted to between 4 and 5 using 0.5 M HC1. The obtained 
completely clear homogenous solution contained particles with a size of below 
approximately 0.2 [im. 
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Example 4. 

A mixture of particles according to Example 1 and diphtheria toxoid was 
administrated subcutanously to mice followed by a booster after 21 days. After 30 days 
blood samples were obtained which were assayed for IgG antibodies against diphtheria 
toxin as well as Neutralization titers (NT) using Vero cells. The serum from Alum (n=5) 
and monoolein (n=5 ) groups was pooled and assayed. The mice receiving nasal boost 
and responded (= 3 of 5) were assayed on an individual basis. In arbitrary units is shown 
in Table 1 the IgG titers and neutralization titers The results showed that both IgG as well 
as protective antibody titers were at the same level as compared to the control group which 
received the marketed product comprising diphtheria toxoid adsorbed on Alum (A1(P0 4 ) 3 ). 
Also seen is that high IgG titers always were accompanied by high neutralization titers 
indicating that the formulation does not destroy the antigenic sites that are important for 
protective immunity. 



Table 1 . 





Dose diphtheria toxoid (ig 


IgG titer 
(arb. units) 


NT titer 
(arb .units) 


Alum 


15 + 15 


32000 


40000 


Alum 


3.5 + 3.5 


22000 


20000 


Mono-olein suspension 


15+15 


24000 


20000 


Mono-olein suspension 


3.5 + 3.5 


3500 


5000 


Nasal boost 


7 + 4 


45000 


10000 


Nasal boost 


7 + 4 


19000 


2500 


Nasal boost 


7 + 4 


19500 


5000 



Example 5. 

Particles were prepared according to Example 2 with a final concentration of 
monoglyceride of 200 mM and of fatty acid of 200 mM. Diphtheria toxoid (2.9 (il, 4.4 
mg/ml) was mixed with 200 |il of the micelle suspension and administrated subcutanously 
to mice followed by a subcutaneous booster after 21 days. Both the primary and the 
booster dose of the toxoid was 10 ji.g. After 30 days blood samples were obtained which 
were assayed for IgG antibodies against diphtheria toxin. The result showed (Table 2) that 
the arbitrary IgG titers with respect to the formulation with mono-olein (MO) and oleic 
acid (C 1 8: 1 ) were at the same level as compared to the control group which received the 



WO 97/47320 



- 10- 



PCT/SE97/01003 



present marketed product comprising diphtheria toxoid adsorbed on Alum (A1(P0 4 ) 3 ). The 
other combinations of monoglycerides and fatty acids gave slightly declining responses 
which correlated to declining length of the acyl chain (Ml 2 = lauryl-l-glycerate; M10 = 
capric-l-glycerate; C12 = lauric acid; CIO = capric acid; C8 = caprylic acid). N.D. = Not 
Done; indicates that there were only five mice in these groups. 



Table 2. 

IgG response of individual mice (n = 5 or 6) after sc/ sc administration of different 
formulations containing monoglycerides and fatty acids. 





1 


2 


3 


4 


5 


6 


Alum 


18200 


18200 


9600 


9600 


18200 


N.D. 


MO/C18:l 


18200 


18200 


18200 


18200 


9600 


N.D. 


MO/C8 


9600 


9600 


4800 


9600 


4800 


9600 


M12/C12 


18200 


9600 


4800 


18200 


9600 


18200 


M10/C10 


4800 


110 


2400 


1200 


2400 


4800 



Example 6. 

The same procedure as in Example 4 with the difference that the booster dose was given 
nasally instead of subcutanously. The dose of diphtheria toxoid was 10 jag both at the 
primary immunization as well as at the nasal booster administration. In the same 
experiment a dose-response is demonstrated that is obtained when tree different amounts 
of lipid (see Table 3) was administrated. The arbitrary IgG titer is seen in Table 4. Besides 
the dose-response effect where lower IgG titers is seen at lower concentrations of lipids 
there is also seen a higher variability regarding response in the groups receiving lower 
doses. This variability is not seen at higher dose levels indicating that an adjuvant effect is 
not only seen with respect to obtaining high titers but also regarding reduction of the 
variability of the response. 

Table 3. 



Amount of lipids in |jmol administrated to mice sc or nasally. 



Dose level 


Dose lipid (|j.mol) sc 


Dose lipid (|umol) nasally 


high 


40 


1.5 


medium 


4 


0.15 


low 


0.4 


0.015 
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Table 4. 

IgG titers in individual mice (n = 6) after administration of 2 x 10 [Lg of diphtheria 
toxoid to mice either sc/sc or sc/nasally. 





1 


2 


3 


4 


5 


6 




4800 


4800 


9600 


4800 


9600 


9600 


MO/C8 sc/nas high 


9600 


1200 


4800 


4800 


4800 


9600 


MO / C8 sc/sc medium 


4800 


1200 


9600 


2400 


4800 


4800 


MO / C8 sc/nas medium 


2400 


600 


2400 


600 


2400 


4800 


MO/C8 sc/sc low 


300 


2400 


9600 


2400 


4800 


2400 


MO/C8 sc/nas low 


600 


600 


1200 


150 


4800 


150 



: Example 7. 

* Two different lipid formulation containing mainly medium length acyl chains 

(Composition A) and long acyl chains (Composition B) were tested. The compositions are 
seen in Table 5. 

10 



Table 5, 





Monoglyceride 


Fatty acid 


Composition A 


Monooleate 25 mM 
Monomyristate 25 mM 
Monolaurate 25 mM 
Monocaprate 25 mM 


Caprylic acid 90 mM 


Composition B 


Monooleate 200 mM 


Oleic acid 200 mM 



The formulations were adrninistrated to mice s.c. or nasally with a booster after three 
weeks s.c. or nasally. Blood samples were taken after another week. The arbitrary IgG 
15 titers are seen in Table 6. 

The results in Table 6 demonstrates that in order to achieve a good response after 
primary as well as booster administration by the nasal route Compositions B is to be 
preferred. 



20 
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Table 6 . 





1 


2 


3 


4 


5 


6 


Composition A sc/nas 


2400 


4800 


4800 


18200 


4800 


4800 


Composition A nas/nas 


< 100 


36400 


< 100 


< 100 


300 


< 100 


Composition B sc/nas 


18200 


18200 


36400 


18200 


< 100 


N.D. 


Composition B nas/nas 


4800 


9600 


18200 


18200 


2400 


9600 



Example 7. 

5 A mixture of mono-olein (200 mM) and caprylic acid (200 mM) was mixed with 

formalin inactivated influenza virus (strain SDA/94) and administrated s.c. at the first 
occasion to mice followed by a nasal booster three weeks later. The dose was 0.05 fig HA 
and blood sample were taken 3 weeks after the booster dose and assayed for agglutination 
titers (HI) against HA. The results (Table 7) showed that the HI titers in the group 
10 receiving the virus together with the adjuvants was at a higher level as compared to the 
group receiving the virus in PBS. 

Table 7. 

HI titers in mice receiving formalin inactivated influenza virus after s.c. primary 
15 inj ection and nasal booster. 





1 


2 


3 


4 


5 


6 


PBS 


N.D. 


80 


N.D. 


40 


N.D. 


80 


MO/C8 


320 


320 


640 


160 


320 


* 



N.D. = not detected 
* = dead 



Example 8. 

20 Micelles according to Example 2 was mixed with formalin killed rota virus particles 

and subsequently administrated to female mice. After three irrimunizations the mice were 
made pregnant whereafter the new-born mice were challenged nasally with live rota virus. 
The figures indicate the animals that acquired protection after challenge as compared to the 
total number of animals in that group. The result from this challenge is seen in Table 8. 

25 
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Table 8. 

Protection after challenge of rota virus to baby mice where the mother was vaccinated 
with a lipid formulation according to the invention. 



Group 


Aojriinistration 


Protection 


Saline 


irn/im/im 


2/8 


Micelles 


im/im/im 


4/4 


Micelles 


im/nas/nas 


6/7 



5 As can be seen from the results there is a good protection both after three intramuscular 
adrninistrations as well as after a primary intramuscular immunization followed by two 
nasal adrninistrations. 

Example 9. 

L0 To evaluate the toxicity of the lipid formulations these were administrated into the rat 

nasal cavity whereafter the rats were killed and the nasal mucosa were prepared for light, 
fluorescence as well as scanning electron microscopy (SEM). Formulations according to 
Example 1 and Example 2 were tested. Only the mono-olein/pluronic suspension showed 
minor changes in the mucosal surface using the SEM. No effects could be detected under 

1 5 light or fluorescence microscopy. The micelles containing mono-olein and oleic acid were 
unable to provoke any changes in the mucosal membranes. 

Example 10. 

Caco-2 cells, which are a human cell line originating from a colon cancer can be made 
20 to grow as a epithelial mono layer. These cells are frequently used to examine different 

substances ability to influence the transport of biological substances through epithelial cells 
and has in a number of experimental systems been shown to give a good correlation to in 
vivo data regarding uptake from the gut into the bloodstream. As marker substances for 
transport through the cells Na-flouresceine or mannitol is used. The experiments with the 
25 lipid formulations according to this invention showed an enhanced transport through the 
Caco-2 cells at non-toxic concentrations. 
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Patent Claims: 

1 . A pharmaceutical formulation for parenteral or mucosal administration of antigens 
and/or vaccines to an animal, characterized by comprising one or more substances 
selected from 

a) monoglyceride preparations having at least 80 % monoglyceride content and 
having the general formula 

CH 2 — CH — CH 2 

0 O O 

1 i I 
R-j R 2 R3 

wherein R, and R 2 is H and R 3 is one acyl group containing from 6 to 24 carbon 
atoms, and where the acyl chains may contain one or more unsaturated bonds 

and 

b) fatty acids of the general formula 

CH 3 - (CH 2 ) n - COOH 

where "n" may be varied between 4 and 22, and where the acyl chain may contain 
one or more unsaturated bonds. 

2. A pharmaceutical formulation according to Claim 1 , characterized by having a 
monoglyceride preparation content of at least 90 %, preferably at least 95 %. 

3 . A pharmaceutical formulation according to Claim 1 , wherein the acyl chains of the 
monoglyceride preparations contains 8 to 20 carbon atom, preferably 14 to 20 carbon 
atoms and where the acyl chains may contain one or more unsaturated bonds. 

4. A pharmaceutical formulation according to Claim 1, wherein the acyl chains of the 
fatty acid contains 8 to 20 carbon atom, preferably 14 to 20 carbon atoms and where 
the acyl chains may contain one or more unsaturated bonds. 
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5. A pharmaceutical formulation according to Claim 1 , wherein the antigen comprises 
an antigen and/or vaccine that is selected among the antigen and/or vaccines relevant to 
humans or animals, including marine animals. 

6. A pharmaceutical formulation according to Claim 1, wherein the formulation 
comprises additional pharmaceutical excipients selected from the one or several of the 
following groups; preservatives and osmotic pressure controlling agents, pH- 
controlling agents, organic solvents, hydrophobic agents, enzyme inhibitors, water 
absorbing polymers, surfactants and absorption promoters, anti-oxidative agents, and 
the like. 

7. A pharmaceutical formulation according to Claim 1 , wherein the formulation 
comprises additional adjuvants. 

8. A pharmaceutical formulation according to Claim 1 - 7, wherein the formulation is in 
a form suitable for parenteral or mucosal administration. 

9. A pharmaceutical formulation according to Claim 8, wherein the formulation is in a 
form suitable for administration to the mucosa of the nose, mouth, vagina, rectum or 
the intestine. 

10. A pharmaceutical formulation according to Claim 8, , wherein the formulation is in a 
form suitable for administration to the mucosa of the nose 

11. A vaccine or antigen formulation, characterized by that 100 g of the final formulation 
contains: 

from 0.01 to 90 g of the antigen/vaccine component 
from 0.1 to 90 g of the monoglyceride 
from 0. 1 to 90 g of the fatty acid 
from 0.01 to 99 g of water 
from 0.01 to 99 g of PBS/saline 
and optionally one or more adjuvant and/or excipient. 
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12. The use of compounds selected from 

a) monoglyceride preparations having at least 80 % monoglyceride content and 
having the general formula 

CHo — CH— CH 2 

0 o o 

1 I 1 

R 1 R 2 R 3 

wherein R, and Rj is H and R 3 is one acyl group containing from 6 to 24 
carbon atoms, and where the acyl chains may contain one or more 
unsaturated bonds 

and 

b) fatty acids of the general formula 

CH 3 - (CH 2 ) n - COOH 

where "n" may be varied between 4 and 22, and where the acyl chain may 
contain one or more unsaturated bonds 

in an amount of 0.01 to 15 g/100 ml of total volume of the formulation as 
adjuvants / vehicles in pharmaceutical formulations for parenteral or mucosal 
administration of antigens and/or vaccines to humans or animals, including 
marine animals. 

13. The use of compounds according to Claim 12, characterized by having a 
monoglyceride preparation content of at least 90 %, preferably at least 95 %. 

14. The use of compounds according to Claim 12, wherein the acyl chains of the 
monoglyceride preparations contains 8 to 20 carbon atom, preferably 14 to 20 carbon 
atoms and where the acyl chains may contain one or more unsaturated bonds. 

15. The use of compounds according to Claim 12, wherein the acyl chains of the fatty 
acid contains 8 t.o 20 carbon atom, preferably 14 to 20 carbon atoms and where the 
acyl chains may contain one or more unsaturated bonds. 
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